Abstract: Most published estimates of the economic return to college rest on a series of best-case assumptions that often overstate returns and, most importantly, obscure differences in return across different institutions. We simulate the economic return to college under more realistic assumptions using U.S. Census data combined with administrative data from the more selective University of California system and the less selective California State University system. Specifically, we adjust for delayed graduations, the probability of dropping out, progressive taxes on earned income, and risk aversion. We perform a bounding exercise for ability bias. These each reduce expected returns to a Bachelor's degree. We also find that the college investment has become riskier over time, a change standard estimates ignore. Returns are particularly modest for young men at the less-selective CSU system, largely due to high dropout rates, delayed graduation, and a lower effect on labor force participation compared to women. Our analysis begins to bridge the gap between standard estimates of the economic return to college and the institutional differences reported in Obama Administration's College
After a 35-year climb, the fraction of high school graduates who go on to college appears to be leveling off. In 2013, 65.9 percent of graduating high school seniors enrolled in a two or four year college, a level only modestly above the percentage in the early 1990s.
2 Weak enrollment growth is consistent with the significant fraction of the public who now questions whether college is still worth its cost. 3 Many economists have described these developments as economically irrational given the many economic studies demonstrating that college today remains an excellent investment -in popular discussion, a ticket to the middle class (Autor 2014; Avery and Turner 2012; Daly and Bengali 2014; Greenstone and Looney 2012) .
We argue that published estimates of the economic return to college are worth a closer look because virtually all estimates use a set of best-case assumptions. Applying more realistic assumptions, we show that many students-particularly young men who cannot access top-tier universities-face an economic return to college that, while positive on average, can reasonably inspire caution among students and their parents.
To make this case, we simulate the economic return to college based on Mincerian wage regressions of U.S. Census data combined with administrative data from the more selective University of California system and the less selective California State University system. 4 Taken together, the two systems educate a relatively large share of California's 2 For recent data, see Floyd Norris, "Fewer U.S. Graduates Opt for College After High School," New York Times, April 25, 2014. http://www.nytimes.com/2014/04/26/business/fewer-us-high-school-graduates-opt-forcollege.html.
3
The Heartland Voice, "Heartland Monitor XIX: The American Economy," November 22, 2013, accessed June 9, 2014, http://www.theheartlandvoice.com/insights/heartlandmonitor-xix-the-american-economy. 4 Formerly the California State College System Bachelor's degree graduates (about 70 percent), and tuition and graduation statistics are readily available. These data, detailed in Section III, allow us to estimate the economic return to students in top tier and second tiear systems starting in 1980 -a time when the economic return to college was at its nadir (Freeman, 1976) . The data also permit estimating the economic return from both an individual and a social perspective.
While our calculations focus on California, prior research suggests that the pattern we identify-the gap in returns between top tier and second tier systems-is a national issue and is potentially exacerbated by limited resources at second tier institutions. By focusing on the differences between our estimates and the "best case" returns, we highlight how institutions of higher education can improve their investment value to their students.
I. Building a Best Case
Describing high school seniors and their parents as irrational assumes that published estimates of the large economic return to college (hereafter the ERC) are correct. The assumption is open to question since virtually all of these estimates use most or all of five best-case assumptions.
No Dropouts. ERC estimates are typically based on the college wage premium, the earnings gap between persons who complete a Bachelor's degree and persons whose education stopped at high school. A high school senior considering college should also consider the probability of enrolling in college and dropping out before completing a degree. This probability varies by institution. In the University of California system (UC) 80 percent of entering freshmen complete a degree within six years. 5 Among the 34,000 freshmen who entered the CSU system in 1997, only 35.3 percent earned a degree in 4 years, and only 62.8 percent earned a degree within 12 years. 6 Census statistics indicate that college dropouts -individuals described as having "some college" but no degreetypically earn less per year than college graduates (Greenstone and Looney 2013) . This suggests a lower return on the college investment but the experience of dropouts is not counted in standard ERC estimates.
A Degree in Four Years. ERC estimates typically assume a student completes the bachelor's degree in four years (Avery and Turner, op. cit.) . For students who complete a degree, median years to completion in the UC system is four years but it is five years (nearly six) in the CSU system. A report by Complete College America (2014) finds that, among 580 US public four-year institutions, only 50 report four-year graduation rates above 50%. Delayed completion raises total tuition costs and foregone income, reducing the ERC. (2010, 2012) show that similar distinctions between higher and lower tier campuses now exist nationwide. In recent years, the fraction of freshmen in four-year institutions who ultimately complete a Bachelor's degree has fallen while the average time-to-degree (for those who complete a degree) has risen. As these papers show, both trends are concentrated among students in the "non-top 50" public universities. The authors also show that mathematics test scores of entering students in the "non-top 50" public universities have risen slightly over time suggesting that neither rising dropout rates nor longer time-to-completion reflects declining freshman quality. Rather, a significant fraction of both trends appears to be driven by stretched resources in second tier campuses: enrollments that increase faster than spending making it harder to enroll in required classes, harder to get academic help, and so on.
II. Estimating the Individual's Economic Return to Pursuing a Bachelor's Degree
We simulate the ERC -formally the Internal Rate of Return on the student's investment -to pursuing a Bachelor's degree in either system from the perspective of an 18-year-old student who is graduating from high school and deciding whether to pursue college. We assume the student chooses to enter as an average matriculant and enjoys no private information that would affect expected future earnings, including: the likelihood of completing a degree, the time to completion, and the choice of major. Figure 1 illustrates three paths.
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[ Figure 1 about here]
• Path A: The student completes a Bachelor's degree (Probability = P completion ) in N years. She then works until age 65 at the after-tax earnings of a college graduate (with no graduate school). The costs of this path include N years of tuition and foregone earnings 10 , while the benefits are annual college earnings after taxes.
To simplify the analysis, we do not consider alternative paths, such as community college or beginning college midcareer. 10 The full cost of college to the individual includes tuition and fees (net of fellowship income) as well as foregone earnings while attending school. Most published estimates of the ERC use this definition.
• Path B: The senior pursues a Bachelor's degree but drops out after M years (Probability = 1 -P completion = P drop out ) without earning a degree. She then works until age 65 at the after-tax earnings of persons with "some college." The costs of this path include M years of tuition and foregone earnings, and the benefits are the annual after-tax earnings for persons with "some college."
• Path C: The senior foregoes college and works until age 65 at the after-tax earnings of a high school graduate. In calculating the internal rate of return (IRR), Path C is the baseline against which college attendance is compared.
In our simulations, the benefit from pursuing a Bachelor's degree is the expected value of two streams-Path A if the student completes a degree (weighted by the probability of completion) and Path B if the student fails to complete (weighted by the probability of dropping out). The student compares this benefit against the stream of earnings from going directly to work. The net present value (NPV) of pursuing a Bachelor's degree rather than going directly to work can be written as follows:
(1) NPV(BA) = (P completion ) x NPV(Path A) + (P drop out ) x NPV(Path B) -NPV(Path C),
where NPV (BA) refers to a path's discounted sum of future benefits and costs.
We define the Internal Rate of Return (IRR) of pursuing a Bachelor's degree as the value of the discount rate that sets NPV(BA) in Equation 1 equal to zero-the interest rate that makes the investment in college just break even.
III. Data
Data come from UC, CSU and data on California households collected in the US Census and American Community Survey. California's higher education master plan directs its nine UC campuses and twenty-three CSU campuses to admit students from the top 12.5 percent and top 33 percent of California high school graduates, respectively. The UC system spends about twice as much per student and has higher average graduation rates and shorter average time to graduation than the CSU system.
[ Table 1 about here} Based on limited data, UC graduates appear to have higher average earnings than CSU graduates. At the same time, the UC system charges higher in-state tuition than the CSU system ( Figure 2 ). Despite recent tuition increases, in-state tuitions for both the UC and CSU systems are roughly in line with in-state tuitions in other public institutions and well below the average tuition charged by private and nonprofit institutions.
[ Figure 2 about here]
IRR estimates depend on expected future earnings. We assume the high school senior equates future earnings to contemporary median earnings of workers of different ages. 11, 12 Implementing this behavior requires specifying whose earnings are counted in calculating the median -in particular, how we count persons who have no earnings during the year because they cannot find work, are unable to work, or are voluntarily out of the labor force. 13 For labor force participants, we estimate the median earnings of Californians who have at least $1,000 of earnings during the year and multiply that by the labor force participation rate for that combination of age, sex, and education level. Examples of these age-earnings profiles are shown in Figure 3 . 14 For 1980 14 For , 1990 14 For , and 2000 , the U.S.
Decennial Census provides sufficient data to estimate age-earnings profiles for the California labor market. After 2000, we rely on the American Community Survey (ACS) from 2005 to 2010, a period that covers both prerecession and recession observations. To estimate differences in UC and CSU earnings, we use a Payscale.com salary survey that estimates that UC graduates earn 10 percent more than CSU graduates. We incorporate this difference into our calculations.
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[ Figure 3 about here ]
Other variables necessary to calculate the IRR are taken from reports of the UC and CSU systems and are detailed in Table 1 . To simplify calculations, we equate the 13 The data sets we use do not permit easily distinguishing among these groups. 14 We smooth the age-earnings profiles by estimating a median earnings regression with a quadratic term for age. 15 The survey was performed by Payscale.com (http://www.payscale.com/college-salaryreport-2013/west-coast-schools) based on currently employed workers with a bachelor's degree (no graduate work). This should not be interpreted as a causal estimate but merely an estimation of a difference in means. The earnings difference likely reflects both UC's higher average admission standards and expenditures per student. Large variations remain in both individual outcomes within schools and school outcomes across the systems. The age-earnings profiles in Figure 3 are based on Census data and therefore are representative of Bachelor's degree holders in the California labor market. Estimating an individual's IRR also requires estimating the individual's foregone earnings while in college. For students of a specific age (18, 19, etc.) and gender in a specific year (1980, 1990) , we define foregone earnings as the difference between the median earnings of high school graduates who are not in school and the median (part-time) earnings of students who are in college. In this calculation, the median earnings of high school graduates are estimated on California data, but the median earnings of students while in college are estimated from national data because the number of observations in California is too small. probability of dropping out to the probability of not earning a bachelor's degree within six years.
16 Table 1 shows the longer completion times and significantly higher dropout probabilities in the CSU system. Table 2 shows estimates of the individual real IRR for the UC and CSU systems. 17 .
IV. The Individual's IRR of Pursuing a Bachelor's Degree
[ Table 2 about here]
While the real IRR is purged of inflation, student loan interest rates, like other market interest rates, include an adjustment for expected inflation. Correspondingly, Table   2 also includes the nominal IRR-the real IRR plus the expected annual rate of inflation over the life of the investment-to allow comparisons with student loan interest rates. Three patterns stand out in Table 2: • In each year, the UC system has a higher IRR than the CSU system for both men and women.
• In each year and within each system, women have a higher IRR than men. 16 For students entering the CSU system in 2000, the 10-year completion rate was about 9 percent higher than the 6-year completion rate. For computational simplicity, our calculations ignore a 5 percent difference between the dropout probability of men (higher) and women and we assume all dropouts complete the same number of years of college. See California State University, "First-Time Full-Time Freshmen," Finallyhttp://www.asd.calstate.edu/csrde/ftf/2009htm/sys.htm. 17 Simulations of the IRR from a societal perspective are contained in Appendix A.
• Over time, real IRRs grow significantly from 1980 through 2000. They decline after 2000 but remain at fairly high levels. This pattern holds for both men and women within each system.
To understand the CSU's lower IRR, recall that the CSU system has both lower admission standards and lower instructional expenditures per student than the UC system. In our simplified model, these factors are captured in CSU's significantly higher dropout rate, its longer time to complete a bachelor's degree (for those who do complete one), and the survey that suggests that CSU graduates with a bachelor's degree earn 10 percent less than UC graduates. CSU's relatively low tuition is not large enough to offset these factors.
The higher IRR for women reflects the relatively large gap in labor force participation rate between women with Bachelor's degrees and women high school graduates. Since 1980, the gap between college and high school hourly wages widened for both women and men, but the gap in annual earnings widened faster for women because of the large increase in hours worked among college-educated women.
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The third pattern in Table 2 is the rise in the individual's real IRR through 2000 and its subsequent moderate decline. The economic return to college depends on multiple factors, but the dropout rate and time to earn a Bachelor's degree have remained fairly constant within each system (Table 1) Some part of the difference in labor force participation may be a selection effect in which women who intend to work are more likely to go to college. We view this possibility as one part of ability bias that we discuss in the next section. In light of these data, was a high school senior entering either system making a good investment? Most studies answer this question using a basic financial rule: If the return on the student's investment -the IRR -exceeds the rate at which the student can borrow, the student should make the investment. To apply this rule, Table 2 shows the 1980 cap on PLUS loans and the unsubsidized Stafford loan interest rate for 1990-2010. 20 In 1980, a time of extremely high inflation, the nominal IRR for an 18-year-old male matriculating in the CSU system was 13 percent, while the interest rate at which the student could have borrowed was 14 percent. The young man could have attained higher lifetime income by going directly to work. 21 By 1990, the increasing college wage premium together with still-low tuition and lower student loan rates reversed this relationship. By the standard financial rule, college was now a good investment for the average young man in
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In addition, recent increases in the college earnings premium reflect falling wages for high school graduates (Figure 1 ) rather than rising wages for college graduates. The lack of wage growth for college graduates exacerbates the effect of tuition increases. 20 The Stafford loan program was initiated in 1988. PLUS loans are secured by the dependent student's parents. On the history of both Stafford and pre-Stafford interest rates, see FinAid, "Historical Interest Rates," http://www.finaid.org/loans/historicalrates.phtml. 21 As noted earlier, 1980 represented a post-World War II low for the real return on college, the result of both a large supply of college graduates, partially driven by the military draft, and temporarily high blue collar demand in agriculture, energy and manufacturing. By 1985, all these factors had reversed. See Levy (1998) for details.
the CSU system, a situation that continued through 2005-10. For young women considering the CSU system and young men and women considering the UC system, investing in college was a good investment by the standard financial rule in each of the four years. In Appendix A, we show that the individual's pursuit of a BA in either system was also a good investment from society's perspective.
Note in the analysis above that college is a good investment for the individual even after eliminating three of five best-case assumptions described earlier. For each university system in each year, the IRR calculations in Table 2 include the probability of dropping out and they use the true median time-to-degree (for those who graduate), rather than assume four years. The calculations also adjust individual earnings for taxes paid. As a result, estimated IRR's, while positive for both systems, are lower than many published estimates of the ERC.
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The analysis retains two other best-case assumptions. First, it assumes no ability bias. If ability bias is present, part of the college-high school wage premium reflects the higher ability of students accepted to college rather than the education alone. It overstates the student's gain from attending college and the student's IRR is lower than the estimates in Table 2 . 23 Second, the analysis assumes that the nominal IRR for each group in Table 2 -e.g. the 10.6% for male freshmen in the CSU system in 2010 -is a single, risk free return on 22 As one example, Greenstone and Looney (2012) estimate a real IRR for the average U.S. college student without these corrections and show a real IRR of roughly 16 percent, 2 to 3 percentage points higher than the estimated IRRs in Table 2 for women and 4 to 7 percentage points higher than the estimated IRRs in Table 2 for men. 23 Consider a student who is accepted to college but decides to go directly to work.
Because the student has relatively high ability, he should earn more than the average high school graduate earns. This reduces the extra amount he would have earned by going to college. their investment. In reality, the 10.6% IRR is an average return for the group with roughly half of the group having higher-than-average returns and half having lower.
Relaxing either assumption means considering individual students who have IRR's below those in Table 2 . 24 The question is whether the reduced IRR turns college into a bad investment for the students in question. We explore this question in the next two sections.
V. Ability Bias
Since universities screen their applicants for ability, part of the college earnings premium may reflect greater ability among college graduates rather than the causal effect of college on earnings. As a result, the standard estimate of the economic gain from attending college and the resulting IRR will be overstated 25 . Rather than imposing an assumption regarding what percentage of the college earnings premium must be attributed to the individual ability, we perform a bounding exercise to examine what this percentage must be for college to no longer be a good investment-for the IRR to pursuing a Bachelor's degree to be reduced to the interest rate charged by student loans.
[ Table 3 about here] Table 3 shows estimates of these percentages of the college premium for men and women in both the UC and CSU systems between 1980 and 2005-10. Consider the data for 2005-10. In 2010, the unsubsidized Stafford loan rate was 6.8 percent. Women entering the CSU system faced a nominal IRR of 13.1 percent, more than 6 percentage points above the Stafford loan rate, and therefore at least 76 percent of the college earnings premium would 24 In the case of risk, we expect roughly half of all freshmen will have a return on education below the nominal IRR in Table 2 . When we consider ability bias, we are assuming every group's nominal IRR in Table 2 is somewhat overstated. 25 A student with average ability among college graduates would be expected to earn an average college wage but he would have earned a higher than average high school wage if he had not attended college.
have to be attributed to ability for CSU to be a bad investment for the average woman in this group. Similarly, for men and women entering the higher tuition UC system, roughly 60 percent of the college earnings premium would have to be attributed to ability to make college a bad investment. These bounds are much higher than prior published estimates.
For instance, Zimmerman (2013) uses admissions cutoffs to examine the causal effect of college matriculation among marginal college students in Florida. This study and other research suggest that the ability bias is small (see Card 1999 for a review). To summarize, the numbers in Tables 3 indicate that for men in the UC system and women in both systems, over 60 percent of the wage gap must reflect individual ability for college to be a bad investment. Men in the CSU system are the exception: a modest degree of ability bias is enough to raise a note of caution about the wisdom of matriculating. We return to this point in the concluding section. (In Appendix A, we show that the individual's pursuit of a BA in either system remains a good investment for society after accounting for ability bias.)
VI. The Individual's Risk of Financial Distress After College
Most published estimates of the ERC ignore the investment's risk. They report a single IRR that assumes students graduate on time and earn the average of individuals of the same age and with the same education. In reality, a significant fraction of freshmen, particularly in the CSU system, leave an institution without a degree and many of those who earn a Bachelor's degree take more than four years to do so. Upon graduation,, students who do earn a degree face a wide distribution of post-college earnings. Given these uncertainties, we examine the proposition that although the mean economic return on pursuing a Bachelor's degree exceeds the interest rate on student loans, the investment's risk has increased as tuitions have grown and as the wages of some younger workers have suffered in the recent recession (Beaudry, Green, and Sand 2013) .
To simplify the discussion, we first examine a particular form of risk: the likelihood that earnings among college graduates will be sufficiently low that these individuals would fall into financial distress. This definition of risk incorporates both wage levels and wage variation.
To estimate this likelihood, we begin Avery and Turner's conclusion that monthly student loan repayments in the range of 10-11 percent of monthly income should be "manageable" (Avery and Turner op cit, . Extending this definition, we denote financial distress as having student loan repayments in excess of 15 percent of income.
Figures from the Project on Student Debt indicate that roughly half of all graduating seniors on UC and CSU campuses have student loans and a typical loan balance equals roughly two years worth of a system's tuition. 27 See the analysis for California campuses at http://projectonstudentdebt.org/state_by_state-data.php
To illustrate how risk has changed, we consider the case of a 30-year-old who enrolled in college at age 18. Specifically:
• The student then either dropped out of college after two years or graduated from college in the median time-to-degree which varies by system attended and year of attendance (Table 1 ).
• Upon leaving college, the student had a loan balance equal to two years of tuition if the student graduated and one year of tuition if the student dropped out where tuition varies by the system attended and year of attendance (Figure 2 ).
• While the student was in college, his/her student loans accrued no interest. Upon graduation, the loans accrued interest at the unsubsidized student loan rate in force at that time.
• Once out of college, the individual repaid student loans using the 10-year schedule required by the Stafford student loan program.
Our measure of risk is the probability that this 30-year-old individual has a loan repayment that exceeds 15 percent of her earnings-a probability that we estimate based on the variation in earnings among 30-year-olds in the year the individual turns 30. Table 4 Given the earnings distributions of 30-year-old male college graduates in 1990, the chance for a working male college graduate to have earnings this low was virtually nil, and therefore the risk of experiencing financial distress was zero. Adding the possibility of dropping out of college does not change the conclusion: in this 1990 calculation the lower earnings of college dropouts are largely offset by their fewer years of tuition debt.
[ Table 4 here]
For students in the CSU system, the risk of financial distress remained essentially zero through 2010. The UC system with substantially higher tuition had zero risk of financial distress through 1990, but the risk began to rise, particularly for women, beginning in 2000. In 2010, under our simplified example, the probability of being in financial distress at age 30 was .07 for male UC freshmen and .16 for female UC students large enough to attract an applicant's attention.
The probabilities in Table 4 illustrate an important point: the risk of investing in a Bachelor's degree can increase (and almost certainly has increased), even though the IRR of investing in a Bachelor's degree remains high. Recall that our estimates of the individual's IRR (Table 2) Since the early 1990s, students with federally backed loans have been able to mitigate this risk by choosing income-contingent loan repayment plans. Until very recently, however, take-up of these plans has been limited (Chopra 2013 , Franke-Ruta, 2013 .
VII. Conclusion
From a student's perspective, the cost of attending any college, including the cost of foregone earnings, is a big investment. U.S. colleges vary widely in quality including their ability to help students graduate in a timely fashion. In this context, it is not "irrational" for students and parents to be skeptical about published estimates of the economic return to college (ERC) that imply the same high rate of return for all institutions. To the contrary, 28 For similar reasons, the probability of financial distress is higher for women than for men even though women have the higher IRR. Women's higher IRR reflects the large earnings gap between women college graduates and women high school graduates. But women's earnings are lower than men's earnings, and so women potentially have greater difficulty than men in paying off student loans.
skepticism is warranted since typical estimates of the ERC make extensive use of best-case assumptions.
Applying more realistic assumptions using earnings data from the U.S. and administrative data from the University of California (UC) and California State University (CSU) systems, we develop three main conclusions:
• Despite tuition increases, pursuing a Bachelor's degree in 2010 was still a good investment for the median man or woman in the UC system and the median woman in the CSU system. For each of these groups the ERC was not as high in 2010 as it was in 2000.
• As the ERC to college declined after 2000, the Bachelor's degree became only a marginally good investment for men entering the CSU system.
• Investing in some colleges carried more risk in 2010 than in earlier decades. In 2000 and earlier, there was a miniscule probability that an entering male or female freshman in either system would eventually have difficulty repaying a student loan.
By 2010, rising tuition and a deteriorating market for college graduates increased the probability of repayment difficulties among UC graduates with debt to about 7 percent (males) and 15 percent (females), large enough to pose a significant risk for families with limited resources. For students from the lower tuition CSU system, debt risks remained minimal.
To the extent a student receives fellowship aid and/or participates in the federal income-contingent repayment plan, college is a better investment than these conclusions suggest. To the extent that students face continued tuition increases, the college investment will be worse.
While our simulations are based on California data, the work of Bound, Lovenheim and Turner (2010, 2012) suggest similar ERC differences among institutions exist nationwide. At the same time, we show in Appendix A that the individual's pursuit of a BA in both the UC and CSU system remains a good investment from society's perspective even after reasonable adjustments for ability bias.
A number of researchers have pointed to the need for more college graduates both to advance individual economic mobility and to raise the quality of the U.S. labor force (e.g. Autor, 2014) . The simulations in this paper are a natural extension of the Obama Administration's attempts to develop a College Scorecard (http://www.whitehouse.gov/issues/education/higher-education/college-score-card) . By reporting tuition, the six-year graduation rate, typical levels of student borrowing and, eventually, some data on post-college employment, the Scorecard seeks to highlight institutional differences that potentially affect a student's ERC. We take the next step in this paper by simulating examples of the ERC as it varies across different college systems.
These simulations begin to close the gap between the large institutional variations shown in the College Scorecard and the most published studies that report a single, high economic return to college. If estimates of institutional variations in the ERC continue to improve, they will increase the quality of student decisions and penalize institutions for such problems as high dropout rates.
College remains a good investment for both many individuals and the state, but it is a stepping stone-not a ticket-to the middle class. As such, it deserves the scrutiny that an individual would give to any risky investment. 2 Approximated using the NBER TaxSim Model, using earnings of median earner by year and level of education. lower than interest rates on student loans. As a result, the pattern in Appendix Table A is similar to the pattern in Table 2 . Men entering the CSU system were not good investments for society in 1980 or 1990 but became good investments in 2000 and 2005-10. Women entering the CSU system and men and women entering the UC system were good investments in society in each of the four years.
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[Appendix Table B about here]
Appendix Table B calculates the required attribution of the college premium to ability for college to be a bad investment for society. Although society's IRR is lower than the individual's IRR, the interest rate for state and local bonds is lower than the interest rate on student loans. In particular, even for men in the CSU system, ability has to account for at least 50% of the college wage premium before college becomes a bad investment for society.
